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Description 

Technical Field 

[0001] The present invention relates to novel xanthine derivatives and pharmaceutically acceptable salts thereof 
which have adenosine A 2 receptor antagonistic activity and are useful for the treatment or prevention of various kinds 
of diseases caused by hyperergasia of adenosine A 2 receptors (for example, Parkinson's disease, senile dementia, 
depression, asthma, and osteoporosis) . 

Background Art 

[0002] It is known that adenosine exhibits neurotransmitter depressing activity [Eur. J. Pharmacol., 168 , 285 (1 989)], 
bronchospasmic activity [Br. J. Pharmacol., 1 00 . 251(1990)], bone absorption promoting activity [Acta Physiol. Scand., 
131 , 287 (1987)], and the like, via A 2 receptors. Therefore, adenosine A 2 receptor antagonists (hereinafter referred to 
as A 2 -antagonists) are expected as therapeutic or preventive agents for various kinds of diseases caused by hyper- 
ergasia of adenosine A 2 receptors, for example, therapeutic agents for Parkinson's disease, antidementia agents, 
antidepressants, anti-asthmatic agents, and therapeutic agents for osteoporosis. 




[0003] It is known that adenosine antagonistic activity is found in compounds represented by Formula (A) in which 
R 1a and R 2a independently represent methyl or propyl, R 3a represents hydrogen, and R 4a represents substituted or 
unsubstituted phenyl, aromatic heterocyclic group, cycloalkyl, styryl, or phenylethyl [J. Med. Chem.. 34, 1431 (1991)]. 
Further. Japanese Published Examined Patent Application No. 2651 6/72 discloses, as cerebral stimulants, compounds 
represented by Formula (B) in which R 1b and R 2b independently represent methyl or ethyl, R 3b represents methyl, Y 1b 
and Y 2b represent hydrogen, and Z b represents phenyl or 3,4,5-trimethoxyphenyl. WO92/06976 discloses, as com- 
pounds having an adenosine A 2 receptor antagonistic activity and therapeutic effects on asthma and osteoporosis, 
compounds represented by Formula (B) in which R 1b and R 2b independently represent hydrogen, propyl, butyl, or allyl, 
R 3b represents hydrogen or lower alkyl, Y 1b and Y 2b independently represent hydrogen or methyl, and Z b represents 
substituted or unsubstituted phenyl, pyridyl. imidazolyl, furyl, orthienyl. Further, it is known that adenosine A 2 receptor 
antagonistic activity is found in compounds represented by Formula (B) in which R 1b and R 2b independently represent 
methyl, ethyl, propyl, or allyl, R 3b represents hydrogen or methyl, Y 1b and Y 2b represent hydrogen, and Z b represents 
substituted or unsubstituted phenyl [J. Med. Chem.. 36, 1333 (1993)]. Furthermore, among compounds represented 
by Formula (B) in which R 1b , R 2b and R 3b represent methyl, and Y 1b and Y 2b represent hydrogen, respectively, also 
known are a compound in which Z b represents phenyl (8-styryl caffeine) [Chem. Ber. 11_9, 1 525 (1 986)], and acompound 
in which Z b represents pyridyl. quinolyl. or methoxysubstituted or unsubstituted benzothiazolyl [Chem. Abst. 60, 1 741 h 
(1 964)], although there is no description with regard to the pharmacological activity of any of these compounds. 

Disclosure of the invention 

[0004] The present invention relates to xanthine derivatives and pharmaceutically acceptable salts thereof repre- 
sented by Formula (I): 
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(I) 



in which R 1 and R 2 independently represent ethyl, propyl or alkyl, and R 3 represents hydrogen, lower alkyl, lower 
15 alkenyl, or lower alkynyl, R 4 represents lower alkyl, or substituted or unsubstituted aryl, R 5 and R 6 independently 
represent hydrogen, lower alkyl, or lower alkoxy, or R 5 and R 6 are combined together to represent -0-(CH 2 ) p -0- (p is 
an integer of 1 to 3), and m represents 1 or 2. 

[0005] Hereinafter, the compounds represented by Formula (I) are referred to as Compounds (I). The same shall 
apply to the compounds represented by other Formulae. 

20 [0006] In the definitions of the groups in Formula (I), lower alkyl and the alkyl moiety of lower alkoxy mean straight- 
chain or branched alkyl group having 1 to 6 carbon atoms such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec- 
butyl, tert-butyl, pentyl, neopentyl and hexyl; lower alkenyl means straight-chain or branched alkenyl group having 2-6 
carbon ; atoms such as vinyl, ally I, methacryl, crotyl, 3-butenyl. 2-pentenyl, 4-pentenyl, 2-hexenyl and 5-hexenyl; lower 
alkynyl means a straight-chain or branched alkynyl group having 2 to 6 carbon atoms such as ethynyl, propargyl, 

25 2-butynyl, 3-butynyl ; 2-pentynyl, 4-pentynyl, 2-hexynyl, 5-hexynyl and 4-methyl-2 pentynyl; and aryl represents phenyl 
or naphthyl. 

[0007] Each of the substituents for aryl has 1 to 4 substitutions, and examples of which are substituted or unsubsti- 
tuted lower alkyl, hydroxy, substituted or unsubstituted lower alkoxy, halogen, nitro, amino, lower alkylamino, di-lower 
alkylamino, benzyloxy, phenyl, and phenoxy. The lower alkyl, and the alkyl moiety of lower alkoxy, lower alkylamino 
30 and di-lower alkylamino have the same meanings as the lower alkyl defined above, and the halogen represents an 
atom of fluorine, chlorine, bromine, or iodine. Each of the substituents for lower alkyl and lower alkoxy has 1 to 3 
substitutions, and examples of which are halogen, nitro, lower alkoxy and amino, wherein halogen and lower alkoxy 
have the same meanings as defined above. 

[0008] The pharmaceutically acceptable salts of Compounds (I) include pharmaceutically acceptable acid addition 
35 salts, metal salts, ammonium salts, organic amine addition salts and amino acid addition salts. 

[0009] The pharmaceutically acceptable acid addition salts include inorganic salts such as hydrochloride, sulfate, 
and phosphate, and organic salts such as acetate, maleate, fumarate, tartrate and citrate. The pharmaceutically ac- 
ceptable metal salts include alkaline metal salts such as sodium salt and potassium salt, and alkali earth metal salts 
such as magnesium salt and calcium salt, aluminium salt, and zinc salt. The pharmaceutically acceptable ammonium 
40 salts include salts of ammonium and tetramethyl ammonium. The pharmaceutically acceptable organic amine addition 
salts include salts with morphorine and piperidine. The pharmaceutically acceptable amino acid addition salts include 
salts with lysine, glycine and phenylalanine. 

[0010] A process for producing Compounds (I) is described below. 

[0011] Compounds (I) are prepared according to the following reaction steps. 
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(wherein, R 1 , R 2 , R 3 , R 4 , R 5 , R 6 , and m have the same meanings as defined above, R 7 represents the lower alkyl as 
defined above, or methoxymethyl). 

Step 1 : 

[0012] Compounds (III) can be prepared by dealkylation of Compounds (II) obtained by known methods (e.g.. 
W092/06976). Examples of preferable dealkylation agents are boron tribromide and its dimethyldisulfide complex, 
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boron trichloride, iodotrimethylsilane, sodium ethanethiolate, sodium benzentehiolate, gas of hydrogen chloride, hy- 
drochloric acid and hydrobromic acid. The reaction solvent, varying depending on the dealkylation agent employed, is 
selected from aromatic hydrocarbons such as toluene and xylene, halogenohydrocarbons such as methylene chloride, 
chloroform and ethane dichloride, ethers such as dioxane andtetrahydrofuran, alcohols such as methanol and ethanol, 
5 dimethylformamide and acetic acid. The reaction is carried out at -30 to 1 40°C, and is completed in 1 0 minutes to 1 20 
hours. 

Step 2: 

10 (Method A) 

[001 3] Compounds (I) can be obtained by reacting Compounds (III) with carboxylic acid (IV) or its reactive derivatives. 
[0014] The reactive derivatives of Compounds (IV) include acid halides such as acid chloride and acid bromide, 
activated esters such as p-nitrophenyl ester and N-oxysuccinimide, acid anhydrides which are commercially available 
15 or which are produced using carbodiimide such as 3-(3-dimethylaminopropyl)-1 -ethylcarbodiimide, diisopropylcarbo- 
diimide and dicyclohexylcarbodiimide, and mixed acid anhydrides with monoethyl carbonate or monoisobutyl carbon- 
ate. 

[0015] Generally, in case of using Compounds (IV), the reaction is carried out at 50 to 200 °C in the absence of 
solvent, and completed in 1 0 minutes to 5 hours. 

20 [0016] When the reactive derivatives of Compounds (IV) are used in this step, the reaction can be carried out ac- 
cording to a method conventionally used in peptide chemistry. That is, Compounds (I) can be obtained by reacting 
Compounds (III) with the reactive derivatives of Compounds (IV) preferably in the presence of an additive or base. The 
reaction solvent is suitably selected from halogenohydrocarbons such as methylene chloride, chloroform and ethane 
dichloride, ethers such as dioxane and tetrahydrofuran, dimethylformamide, dimethylsulfoxide, water, etc. The additive 

25 includes 1 -hydroxybenzotriazole. Pyridine, triethylamine, 4-dimethylaminopyridine, N-methylmorphorine, etc., are 
used as the base. The reaction is carried out at -80 to 50 °C, and is completed in 0.5 to 24 hours. The reactive derivative, 
which is produced in the reaction system, may be used without isolation. 

[0017] The desired compounds prepared according to the process described above can be isolated and purified by 
purification methods conventionally used in organic synthetic chemistry such as filtration, extraction, washing, drying, 

30 concentration, recrystallization and various kinds of chromatographies. 

[0018] In the case where a salt of Compound (I) is desired and it is produced in the form of the desired salt, it can 
be subjected to purification as such. In the case where Compound (I) is produced in the free state and its salt is desired, 
Compound (I) is dissolved or suspended in a suitable solvent, followed by addition of an acid or a base to form a salt. 
[0019] Compounds (I) can exist in the form of geometrical isomers such as an (E)-isomer and a (Z)-isomer, and the 

35 present invention covers all possible isomers including these geometrical isomers and mixtures thereof. In the case 
where separation between an (E)-isomer and a (Z)-isomer is desired, they can be isolated and purified by fractionation 
methods, for example, fractional crystallization, fractional precipitation, fractional dissolution, and various kinds of chro- 
matographies. 

[0020] Compounds (I) and pharmaceutically acceptable salts thereof may exist in the form of an adduct with water 
40 or various kinds of solvents, which are also within the scope of the present invention. 
[0021] Specific examples of Compounds (I) are shown in Table 1 . 
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Table 1(1) 
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/ 

N 



PH 3 



N 

I, 
R 



// 
N 



Compound 



R 



R' 



i 



(CH2)2CH3 -(CH2)2CH3 



-(CH 2 )2CH 3 -(CH 2 )2CH3 



-(CH2)2CH3 *(CH2)2CH 3 



■CH2CH3 -CH2CH3 



OCOCH3 



-(CH 2 ) 2 CH 3 -(CH 2 ) 2 CH 3 _/~^_ OCO CH; 3 



pCOC 6 H 5 . 

^ }-OCOC 6 H 5 
OCOCH3 




^j^-OCOCH 3 
OCH3 
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-(CH 2 )2CH 3 -(CH 2 )2CH 3 



•CH2CH3 -CH2CH3 



■CH 2 CH 3 -CH2CH3 



-(CH2)2CH 3 -(CH2) 2 CH3 



^J)-OCOC 6 H :3 
PCH 3 

-^-OCOC 6 H 5 





OCOC 6 H 5 
OCOCH3 



OCOCH3 
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Table 1(2) 




Compound 



,1 



10 



11 



12 



13 



14 



15 



16 



17 



18 



19 



-CH2CH3 ""CH2CH3 



OCH3 

-^^OCOCH 2 CH 3 
OCH3 



-CH 2 CH 3 -CH 2 CH 3 -^V-OCOC(CH 3 ) 3 
-CH 2 CH 3 -CH 2 CH 3 -h^~^>-0C0CH 3 



-CH2CH=:CH2 -CH2CH=CH2 



OCH 3 

^ y)-OCOCH 3 
OCOCH3 



"CH2CH3 -CH2CH3 



-CH2CH3 -CH2CH3 




"CH2CH3 *CH2CH3 



-CH2CH=CH2 -CH2CH=CH2 



-CH2CH=CH2 -CH2CH=CH2 



-CH2CH3 -CH2CH3 



^>-OCOCH 3 

-^VoCOC 5 H 5 

OCH 3 
OCH 3 

^^OCOCH 3 
-^)>-OCOC 6 H5 

ocobH 3 
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Table 1(3) 




Compound 



R 



1 



20 



21 



22 



23 



24 



25 



-CH2CH3 



-CH2CH3 



"CH2CH3 



-CH2CH3 



-CH2CH3 



OCOC 6 H 5 



-CH2CH3 



^ // 



OCH3 



-CH2CH3 -CH2CH3 



OCOCHa 
OCH 



-CH2CH3 




OCOC 6 H 5 
H3COCO OCH3 

CH2CH3 — d h 

H3COCO OCOCH3 

•CH 2 CH 3 ft 

-CH 2 CH 3 

OCOCH3 



[0022] The pharmacological activities of Compounds (I) are shown below by test examples. 

Test Example 1 Adenosine Receptor Antagonistic Activity (Adenosine A 2 Receptor Binding Test) 

[0023] The test was conducted according to the method of Bruns et al. [Mol. Pharmacol., 29, 331 (1 986)] with slight 
modification. 

[0024] Corpus striatum of a rat was suspended in ice-cooled 50 mM Tris (hydroxymethyl) aminomethane-hydrochlo- 
ride (Tris HCI) buffer (pH 7.7) by using Polytron homogenizer (manufactured by Kinematica Co.). The suspension was 
centrifuged (50,000 x g, 1 0 minutes), and the precipitate was suspended again in the same amount of 50 mM Tris HCI 
buffer. The suspension was centrifuged under the same conditions, and the final precipitate was suspended in 50 mM 
Tris HCI buffer [containing 1 0 mM magnesium chloride and 0.02 units/mg tissue of adenosine deaminase (manufactured 
by Sigma Co.)] to give a tissue concentration of 5 mg (wet weight)/ml. 

[0025] To 1 ml of the tissue suspension thus prepared were added 50 uJ of tritium labeled CGS 21680 ( 3 H-2-[p-(2-car- 
boxyethyl) phenethylamino]-5'-(N-(N-ethylcarboxamide)-adenosine: 40 Ci/mmol; manufactured by New England Nu- 
clear Co. [J. Pharmacol. Exp. Ther., 251 . 888 (1 989)]} (final concentration: 4.0 nM) and 50 joJ of a test compound. The 
resulting mixture was allowed to stand at 25°C for 120 minutes and then rapidly filtered by suction through a glass 
fiber filter (GF/C; manufactured by Whatman Co.). The filter was immediately washed three times with 5 ml each of 
ice-cooled 50 mM Tris HCI buffer, and transferred to a vial, and a scintillator (EX-H; manufactured by Wako Pure 
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Chemical Industries, Ltd.) was added thereto. The radioactivity on the filter was determined with a liquid scintillation 
counter (manufactured by Packard Instrument Co.). 

[0026] The inhibition rate of the test compound against the binding of A 2 receptors ( 3 H-CGS 21680 binding) was 
calculated by the following equation: 

Inhibition Rate (%) - ( 1 - j^jfp ) x 1 00 



[Notes] 

10 

B: Amount of the binding in the presence of the test compound. 

T: Amount of the total binding. 

N: Amount of the nonspecific binding. 



15 [0027] Amount of the total binding means the amount of radioactivity of 3 H-CGS 21 680 bound in the absence of the 
test compound. Amount of the nonspecific binding means the amount of radioactivity of 3 H-CGS 21 680 bound in the 
presence of 1 00 jxM cyclopentyladenosine (CPA; manufactured by Sigma Co.). Amount of the binding in the presence 
of the test compound means the amount of radioactivity of 3 H-CGS 21680 bound in the presence of the test compound 
at various levels of concentrations. 

20 [0028] The results are shown in Table 2. 



Table 2 



25 



40 



Compd. 


A 2 Receptor Inhibition Rate(%) 


10" 7 M 


10- 6 M 


1 


89 


93 


3 


61 


96 


4 


94 


98 


5 


91 


100 


6 


81 


96 


7 


87 


97 


9 


88 


96 


10 


86 


96 


12 


86 


93 


13 


85 


91 


14 


71 


96 


15 


80 


97 


16 


82 


97 


17 


91 


96 


19 


81 


96 


20 


92 


99 


21 


90 


101 


23 


95 


101 


24 


75 


101 



[0029] Compounds (I) and pharmaceutical^ acceptable salts thereof exhibit a potent adenosine A 2 receptor antag- 
onistic activity. Thus, they are effective against various kinds of diseases caused by hyperergasia of adenosine A 2 
receptors (for example, Parkinson's disease, senile dementia, asthma, and osteoporosis). 



Test Example 2 Effect on Haloperidol-lnduced Catalepsy 

[0030] Parkinson's disease is a clinical syndrome caused by degeneration and cell death of nigrostriatal dopaminergic 
neurons. Administration of haloperidol (dopamine D 1 /D 2 antagonist) induces catalepsy resulting from the blockade of 
postsynaptic dopamine D 2 receptors. It is generally accepted that this haloperidol-induced catalepsy is a classical 
model to reproduce drug-induced Parkinson's disease [Eur. J. Pharmacol., 182, 327 (1990). 
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[0031] The experiment was carried out using several groups of 5-week-old male ddY mice (weighing 22 to 24 g ; 
Japan SLC), each group consisting of 5 or 10 mice. Haloperidol (manufactured by Janssen Pharmaceutica) was sus- 
pended in 0.3 % CMC and intraperitoneal^ administered to each mouse at a dose of 1 .0 mg/kg. A test compound was 
suspended in injectable distilled water (manufactured by Otsuka Pharmaceutical Co., Ltd.) after adding Tween 80 

5 [polyoxyethylene (20) sorbitan monooleate]. L-DOPA (manufactured by Kyowa Hakko Kogyo Co., Ltd.) and benser- 
azide hydrochloride (manufactured by Kyowa Hakko Kogyo Co., Ltd.) were suspended in 0.3 % CMC. One hour after 
the intraperitoneal administration of haloperidol. the suspension containing the test compound or the suspension con- 
taining no test compound [injectable distilled water (manufactured by Otsuka Pharmaceutical Co., Ltd.) containing 
Tween 80; control] were orally administered to the separate groups of the mice (0.1 ml per 10 g of body weight). One 

10 hour after the administration of the test compound, the forelimbs of each mouse and subsequently the hindlimbs of 
the same mouse were placed on a 4.5 cm-high, 1 .0 cm-wide bar and catalepsy was estimated. All of thetest compounds 
were orally administered at a dose of 1 0 mg/kg, and L-DOPA (1 00 mg/kg) and benserazide (25 mg/kg) were intraperi- 
toneal^ administered together as a control. The catalepsy score and the standard of judgment are shown below. 



Score 


Duration of the 


catalepsy 


0: 




forelimbs 


less than 5 seconds 










hindlimbs 


less than 5 seconds 






1: 




forelimbs 


from 5 (inclusive) to 


10 


(exclusive) seconds 






hindlimbs 


less than 5 seconds 






2: 




forelimbs 


10 seconds or more 










hindlimbs 


less than 5 seconds 






3: 


(1) 


forelimbs 


from 5 (inclusive) to 


10 


(exclusive) seconds 






hindlimbs 


from 5 (inclusive) to 


10 


(exclusive) seconds 




or (2) 


forelimbs 


less than 5 seconds 










hindlimbs 


5 seconds or more 






4: 


(1) 


forelimbs 


1 0 seconds or more 










hindlimbs 


from 5 (inclusive) to 


10 


(exclusive) seconds 




or (2) 


forelimbs 


from 5 (inclusive) to 


10 


(exclusive) seconds 






hindlimbs 


1 0 seconds or more 






5: 




forelimbs 


1 0 seconds or more 










hindlimbs 


10 seconds or more 







[0032] The effect of the compounds was evaluated by the total of the catalepsy scores of 5 or 1 0 mice in each group 
(25 or 50 points at the maximum). The groups wherein the total score was not more than 20 or 40 points were estimated 
to be effective. The number of the animals showing remission against catalepsy is the number of the mice for which 
the catalepsy score was not more than 4 points in 5 or 1 0 mice. The remission rate against catalepsy shows the rate 
of decrease in the total score based on that of the control group. 
[0033] The results are shown in Table 3. 



Table 3 





Compound 


Number of Animals 


Total Score 


Number of Animals 


Remission Rate(%) 


45 








Showing Remission 






0.3% Tween80(Control) 


5 


25 


0 


0 




L-DOPA + benserazide 


5 


18 


4 


28 




4 


5 


3 


5 


88 


50 


5 


5 


2 


5 


92 


6 


5 


9 


5 


64 




7 


5 


14 


3 


44 




10 


10 


10 


10 


80 




11 


10 


14 


9 


72 


55 


12 


10 


11 


10 


78 




15 


10 


30 


7 


40 




17 


10 


30 


7 


40 
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Test Example 3 Effect on Clonidine-lnduced Aggressive Behavior 

[0034] The enhancement effect of the test compounds on the aggressive behavior induced by intraperitoneal ad- 
ministration of clonidine [ Eur. J. Pharmacol., 29, 374 (1968)] was investigated. 

5 [0035] The experiment was performed using several groups of male ddY mice weighing 20 to 25 g (Japan SLC), 
each group consisting of two mice. A test compound was suspended in injectable distilled water (manufactured by 
Otsuka Pharmaceutical Co., Ltd.) after adding Tween 80. Clonidine hydrochloride (manufactured by Sigma Co.) was 
dissolved in physiological saline solution (manufactured by Otsuka Pharmaceutical Co., Ltd.). The suspension con- 
taining the test compound and the suspension containing no test compound (control) were orally administered to the 

10 separate groups of the mice (0.1 ml per 10 g of body weight). Sixty minutes after the oral administration of the test 
compound, clonidine hydrochloride (20 mg/kg) was intraperitoneal ly administered. The number of biting attacks during 
the 30 minutes immediately after the clonidine treatment was counted. The effect of the compounds was evaluated by 
comparing the number of biting attacks of the test compound-administered groups with that of control groups (signifi- 
cance test: Student' t-test). 

15 [0036] The results are shown in Table 4. 



Table 4 



20 


Compd. 


Dose (mg/kg, po) 


Number of the Biting Attacks (mean ± S.E.M.) 


Ratio of Attacks : Test 
Compd. -Treated Group/ 
Control Group 








Control Group (Number 
of Animals) 


Test Compound-Treated 
Group (Number of 
Animals) 




25 


4 


2.5 


4.3+ 1.9 
(15) 


47.4+ 11.1** 
(15) 


11.0 




5 


0.63 


3.9 ± 1.5 
(15) 


19.1 + 6.6* 
(15) 


4.9 


30 


6 


10 


2.3 ± 1.3 
(15) 


36.8 ± 10.8** 
(15) 


16.0 




10 


2.5 


1.9± 1.3 
(10) 


38.5 ± 8.4** 
(10) 


20.3 


35 


11 


2.5 


2.4+1.1 
(10) 


24.3 ± 6.6** 
(10) 


10.1 




12 


0.63 


5.2+1.6 
(15) 


21.4 ± 74* 
(15) 


4.1 


40 


* : p<0.05; ** 


: p<0.01 









[0037] Compounds (I) and pharmaceutically acceptable salts thereof can be administered as they are, or in the form 
of various pharmaceutical compositions. The pharmaceutical compositions in accordance with the present invention 
can be prepared by uniformly mixing an effective amount of Compound (I) or a pharmaceutically acceptable salt thereof, 
as an active ingredient, with pharmaceutically acceptable carriers. It is desired that such pharmaceutical compositions 
are prepared in a unit dose form suitable for oral administration or administration through injection. 
[0038] For preparing a pharmaceutical composition for oral administration, any useful pharmaceutically acceptable 
carrier may be used. For example, liquid preparations for oral administration such as a suspension and syrup can be 
prepared using water, sugars such as sucrose, sorbitol and fructose, glycols such as polyethylene glycol and propylene 
glycol, oils such as sesame oil, olive oil and soybean oil, preservatives such as p-hydroxybenzoates, flavors such as 
strawberry flavor and peppermint, and the like. Powders, pills, capsules, and tablets can be prepared using excipients 
such as lactose, glucose, sucrose, and mannitol, disintegrating agents such as starch and sodium alginate, lubricants 
such as magnesium stearate and talc, binders such as polyvinyl alcohol, hydroxypropyl cellulose, and gelatin, sur- 
factants such as fatty acid esters, plasticizers such as glycerin, and the like. Tablets and capsules are the most useful 
oral unit dose forms because of the readiness of administration. For preparing tablets and capsules, solid pharmaceu- 
tical carriers are used. 

[0039] Injectable preparations can be prepared using carriers such as distilled water, a salt solution, a glucose so- 
lution or a mixture of a salt solution and a glucose solution. The preparations can be prepared in the form of a solution, 
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suspension, or dispersion according to a conventional method using a suitable sol ubilizing agent and suspending agent. 
[0040] Compounds (I) and pharmaceutical^ acceptable salts thereof can be administered orally in the said dosage 
forms or parenterally as injections. The effective dose and the administration schedule vary depending upon the mode 
of administration, the age, body weight, and the condition of a patient, etc. Generally, however, Compounds (I) or 

5 pharmaceutical^ acceptable salts thereof are administered in a daily dose of 0.01 to 25 mg/kg in 3 to 4 parts. 

[0041] In addition, Compounds (I) may also be administered by inhalation in the form of an aerosol, fine powders or 
a spray solution. In the case of aerosol administration, the compound of the present invention is dissolved in an ap- 
propriate pharmaceutically acceptable solvent such as ethyl alcohol or a combination of solvents containing ethyl al- 
cohol, and the resulting solution is mixed with a pharmaceutically acceptable propellant. 

10 [0042] Certain embodiments of the present invention are illustrated in the following examples, reference examples, 
and preparation examples. 



Example 1 

15 (E)-8-(3,4-Diacetoxystyryl)-7-methyl-1 ,3-dipropylxanthine (Compound 1) 



[0043] Compound a (350 mg, 0.910 mmol) obtained in Reference Example 1 was dissolved in 7 ml of pyridine, and 
acetic anhydride (0.51 ml, 5.405 mmol) was added thereto, followed by stirring at room temperature for 5 hours. Water 
was added to the reaction mixture, and the resulting precipitate was collected by filtration. The obtained crude product 
20 was recrystallized from hexane/ethyl acetate to give 294 mg (69% yield) of Compound 1 as pale yellow crystals. 
Melting Point :229.4 - 230.2 °C 
Elemental Analysis :C 2 4H 28 N 4 0 6 





Calcd. (%) 


| C 61.53, 


H 6.02, 


N 11.96 


25 


Found (%) 


| C 61.56, 


H 6.05, 


N 11.97 



IR(KBr)vmax (cnr 1 ):1697, 1657, 1509, 1214. 

NMR (270MHz; CDCI 3 ) 5(ppm):7.73(1 H, d, J=1 5.5Hz), 7.47 -7.43(2H, m), 7.24(1 H, d, J=8.3Hz), 6.84(1 H, d, J=15.5Hz), 
4.08(2H, t, J=7.6Hz), 4.05(3H, s), 3.98(2H, q, J=7.6Hz), 2.32(3H, s), 2.31 (3H, s), 1 .83(2H, m), 1 .69(2H, m), 1 .00(3H : 
t, J=7.6Hz), 0.97(3H, t, J=7.6Hz). 



Example 2 

(E)-8-(3,4-Dibenzoyloxystyryl)-7-methyl-1 ,3-dipropylxanthine (Compound 2) 

[0044] Compound a (500 mg, 1 .301 mmol) obtained in Reference Example 1 was dissolved in 1 0 ml of pyridine, and 
benzoyl chloride (0.60 ml, 5.1 69 mmol) was added thereto under ice-cooling, followed by stirring at room temperature 
for 3.5 hours. Ice and water were added to the reaction mixture, and the resulting precipitate was collected by filtration. 
The obtained crude product was recrystallized from ethyl acetate to give 663 mg (86% yield) of Compound 2 as white 
crystals. Melting Point :230.8 - 231 .1 °C 



Elemental Analysis :C 34 H3 2 N 4 0 6 ■ 0.2 H 2 Q 


Calcd. (%) 
Found (%) 


C 68.49, H5.48, N 9.40 
C 68.50, H5.40, N 9.35 



IR(KBr)vmax (crrr 1 ):1 747, 1694, 1654, 1440, 1242. 

NMR (270MHz; CDCI 3 ) S(ppm ):8.10- 8.05(4H, m), 7.81(1H, d, J=15.5Hz), 7.76- 7.36(9H, m), 6.91(1H, d, J=15.5Hz), 
4,14-3. 96(4H, m), 4.07(3H, s), 1.91- 1 .63(4H, m). 1.01(3H, t, J=7.6Hz), 0.97(3H, t, J=7.6Hz). 

50 

Example 3 



(E)-8-(3-Acetoxy-4-methoxystyryl)-7-methyl-1 ,3-dipropylxanthine (Compound 3) 

[0045] Substantially the same procedure as in Example 1 was repeated using 88 mg (0.221 mmol) of Compound b 
obtained in Reference Example 2. The obtained crude product was recrystallized from hexane/ethyl acetate to give 
38 mg (39% yield) of Compound 3 as pale brown crystals. 
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Melting Point :200.8 - 201 .8 °C 



Elemental Analysis :C 2 3H 28 N 4 05 


Calcd. (%) 
Found (%) 


C 62.72, H 6.40, N 12.72 
C 62.41, H 6.50, N 12.52 



IR(KBr)vmax (crrr 1 ):1 699, 1655, 1516, 1439, 1273. 

NMR (270MHz; CDCI 3 ) 5(ppm):7.70(1 H, d; J=15.8Hz), 7.41 (1H, dd, J=8.6, 2.0Hz), 7.32(1 H, d, J=2.0Hz), 6.98(1 H, d, 
10 J=8.6Hz), 6.75(1 H, d, J=15.8Hz), 4.12- 3.95(4H, m), 4.04(3H, s), 3.88(3H, s), 2.34(3H, s), 1 .90-1 .65(4H, m), 1.00(3H S 
t, J=7.3Hz), 0.96(3H ; t, J=7.3Hz) 

Example 4 

15 (E)-8-(4-Acetoxy-3-methoxystyryl)-7-methyl-1 ,3-dipropylxanthine (Compound 4) 

[0046] Substantially the same procedure as in Example 1 was repeated using 500 mg (1 .255 mmol) of Compound 
e obtained in Reference Example 5. The obtained crude product was recrystallized from hexane/ethyl acetate to give 
428 mg (77% yield) of Compound 4 as pale yellow crystals. 
20 Melting Point:179.4- 181 .3 °C 



Elemental Analysis ^3^3^05 


Calcd. (%) 
Found (%) 


C 62.72, H6.40, N 12.72 
C 62.51, H6.43, N 12.98 



IR(KBr)vmax (cnrr 1 ):1759, 1692, 1660, 1542, 1509, 1438. 

NMR (270MHz; CDCI 3 ) 5(ppm ):7.75(1 H, d, J=15.8Hz), 7.20(1 H, dd, J=8.2, 1 .7Hz), 7.13(1 H, d, J=1 .7Hz), 7.08(1 H, d, 
J=8.2Hz), 6.84(1 H, d, J=15.8Hz), 4.13- 3.95(4H, m), 4.07(3H, s), 3.90(3H ; s), 2.34(3H, s), 1 .91- 1 .62(4H, m), 1 .01(3H : 
30 t, J=7.6Hz), 0.97(3H ; t, J=7.6Hz) 

Example 5 

(E)-8-(4-Acetoxy-3-methoxystyryl)-1 ,3-diethyl-7-methylxanthine (Compound 5) 

35 

[0047] Substantially the same procedure as in Example 1 was repeated using 305 mg ( 0.823 mmol) of Compound 
f obtained in Reference Example 6. The obtained crude product was recrystallized from hexane/ethyl acetate to give 
214 mg (63% yield) of Compound 5 as white crystals. 
Melting Point :193.8 - 194.6 °C 



Elemental Analysis C 21 H24N 4 0 5 


Calcd. (%) 
Found (%) 


C 61.16, H5.86, N 13.58 
C61.21, H5.89, N 13.70 



IR(KBr) )vmax (crrr 1 ):1754, 1694, 1658, 1512, 1440. 

NMR (270MHz; CDCI 3 ) 5(ppm ):7.76(1 H, d, J=15.8Hz), 7.20(1 H, dd, J=8.2, 2.0Hz), 7.13(1 H, d, J=2.0Hz), 7.08(1 H, d ; 
J=8.2Hz), 6.85(1 H, d, J=15.8Hz), 4.21 (2H, q, J=6.9Hz), 4.09(2H, q, J=6.9Hz), 4.07(3H, s), 3.90(3H ; s), 2.34(3H, s), 
1 .39(3H, t, J=6.9Hz) ; 1 .27(3H, t, J=6.9Hz). 

50 

Example 6 

(E)-8-(4-Benzoyloxy-3-methoxystyryl)-7-methyl-1 ,3-dipropylxanthine (Compound 6) 

55 [0048] Substantially the same procedure as in Example 2 was repeated using 200 mg (0.502 mmol) of Compound 
e obtained in Reference Example 5. The obtained crude product was recrystallized from hexane/ethyl acetate to give 
21 9 mg (87% yield) of Compound 6 as pale yellow crystals. 
Melting Point :156.1 - 157.4 °C 
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Elemental Analysis :C 2 8H 30 N 4 O 5 


Calcd. (%) 
Found (%) 


C 66.92, H6.01, N 11.15 
C 66.87, H5.84, N 11.11 



IR(KBr)vmax (cm" 1 ) :1731, 1693, 1649, 1540, 1509, 1437, 1251. 

NMR (270MHz; CDCI 3 ) S(ppm) ):8.24- 8.21 (2H, m), 7.78(1 H ; d, J=1 5.8Hz), 7.68- 7.50(3H, m), 7.27 - 7.1 8(3H, m), 6.88 
(1 H. m), 4.14- 3.96(4H, m), 4.08(3H, 5), 3.89(3H, s), 1 .89 - 1 .66(4H, m), 1 .01 (3H, t, J=7.6Hz), 0.97(3H, t, J=7.6Hz). 

10 

Example 7 

(E)-8-(4-Benzoyloxy-3-methoxystyryl)-1 ,3-diethyl-7-methylxanthine (Compound 7) 

15 [0049] Substantially the same procedure as in Example 2 was repeated using 200 mg (0.540 mmol) of Compound 
f obtained in Reference Example 6. The obtained crude product was recrystallized from hexane/ethyl acetate to give 
170 mg (66% yield) of Compound 7 as yellow crystals. 
Melting Point :234.3 - 235.6 °C 



Elemental Analysis :C 26 H 26 N 4 0 5 


Calcd. (%) 
Found (%) 


C 65.81, H5.52, N 11.81 
C 65.52, H5.58, N 11.79 



IR(KBr)vmax (cnrf 1 ):1 731 , 1694, 1652, 1540, 1509, 1436, 1253. 

NMR (270MHz; CDCI 3 ) S(ppm ) :8.24- 8.21 (2H, m), 7.79(1 H, d, J=1 5.8Hz), 7.68- 7.50(3H, m), 7.28 - 7.1 9(3H, m), 6.88 
(1H, m), 4.22(2H, q, J=6.9Hz), 4.10(2H, q, J=6.9Hz), 4.08(3H, s), 3.89(3H, s), 1.39(3H, t, J=6.9Hz), 1 .27(3H, t, 
J=6.9Hz). 

Example 8 

(E)-8-(4-Benzoyloxystyryl)-1 ,3-diethyl-7-methylxanthine (Compound 8) 

[0050] Substantially the same procedure as in Example 2 was repeated using 100 mg (0.294 mmol) of Compound 
g obtained in Reference Example 7. The obtained crude product was recrystallized from ethyl acetate to give 108 mg 
(83% yield) of Compound 8 as yellow crystals. 
Melting Point :208.4 - 209.3 °C 



Elemental Analysis :C 2 5H24N 4 0 4 


Calcd. (%) 
Found (%) 


C 67.56, H5.44, N 12.61 
C 67.46, H5.40, N 12.53 



IR(KBr)vmax (cut 1 ): 1693, 1655, 1510, 1265, 1215. 
45 NMR (270MHz; CDCI 3 ) 5(ppm ) :8.22(2H, d, J=7.3Hz), 7.81 (1 H, d, J=15.8Hz), 7.67 - 7.50(5H, m), 7.29(2H, d, J=8.6Hz), 
6.90(1 H, d, J=1 5.8Hz), 4.32(2H, q, J=6.9Hz), 4.10(2H, q, J=6.9Hz), 4.07(3H, s), 1.39(3H, t, J=6.9Hz), 1.27(3H, t, 
J=6.9Hz). 

Example 9 

50 

(E)-8-(3,5-Diacetoxystyryl)-7-methyl-1 ,3-dipropylxanthine (Compound 9) 

[0051] Substantially the same procedure as in Example 1 was repeated using 450 mg (1.171 mmol) of Compound 
h obtained in Reference Example 8. The obtained crude product was recrystallized from ethyl acetate to give 196 mg 
55 (36% yield) of Compound 9 as white crystals. 
Melting Point :224.3 - 225.1 °C 
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Elemental Analysis :C 2 4H 28 N 4 0 6 


Calcd. (%) 
Found (%) 


C61.53, H 6.02, N 11.96 
C 61.75, H6.15, N 12.10 



IR(KBr)vmax (cm- 1 ):1 761 , 1695, 1655, 1540, 1197. 

[0052] NMR (270MHz; CDCI 3 ) 5(ppm ):7.73(1 H, d, J=15.8Hz), 7.21 (2H, d, J=2.0Hz), 6.92( 1 H. t ; J=2.0Hz), 6.88(1 H, 
d, J=15.8Hz), 4.1 2-3.95(4H, m), 4.06(3H, s), 2.32(6H, s), 1 .89 - 1 .62(4H, m), 1 .00(3H, t, J=7.6Hz), 0.97(3H, t J=7.6Hz). 

Example 1 0 

(E) -1 ,3-Diethyl-8-(3-methoxy-4-propionyloxystyryl)-7-methylxahthine (Compound 10) 

[0053] Substantially the same procedure as in Example 1 was repeated using 1 .00 g (2.70 mmol) of Compound f 
obtained in Reference Example 6, and 0.69 ml (5.38 mmol) of propionic anhydride in place of acetic anhydride. The 
obtained crude product was recrystallized from ethyl acetate to give 81 .5 mg (71% yield) of Compound 10 as yellow 
crystals. 

Melting Point :183.6 - 183.9 °C 



Elemental Analysis : C22H26N4O5 


Calcd. (%) 
Found (%) 


C61.96, H6.14, N 13.14 
C 61.86, H6.15, N 13.10 



IR (KBr) vmax (cnrr 1 ):1 764, 1691, 1654, 1542, 1510, 1435. 

NMR (270MHz; CDCI 3 ) 5(ppm) ):7.76(1 H, d, J=15.5Hz), 7.20(1 H, d, J=7.9Hz), 7.13(1 H, s), 7.07(1 H, d, J=7.9Hz), 6.85 
(1H S d, J=15.5Hz), 4.21 (2H, q, J=6.9Hz), 4.09(2H, q, J=6.9Hz), 4.07(3H, s), 3.89(3H, s), 2.64(2H, q, J=7.6Hz), 1.39 
(3H, t, J=6.9Hz), 1.29(3H, t, J=7.6Hz), 1.27(3H : t, J=6.9Hz). 

Example 1 1 

(E)-1 ,3-Diethyl-8-(3-methoxy-4-pivaloyloxystyryl)-7-methylxanthine (Compound 11) 

[0054] Substantially the same procedure as in Example 2 was repeated using 1 .00 g (2.70 mmol) of Compound f 
obtained in Reference Example 6, and 0.67 ml (5.44 mmol) of pivaloyl chloride in place of benzoyl chloride. The obtained 
crude product was recrystallized from ethyl acetate to give 722 mg (59% yield) of Compound 11 as pale yellow crystals. 
Melting Point :207.7 - 208.3 °C 



Elemental Analysis :C24H 30 N 4 O 5 


Calcd. (%) 
Found (% 


C 63.42, H 6.55, N 12.33 
C 63.44, H 6.66, N 12.31 



IR (KBr) vmax (cnrv 1 ):1 756, 1694, 1658, 1437, 1108. 

NMR (270MHz; CDCI 3 ) 5(ppm):7.76(1 H, d, J=1 5.5HZ), 7.20(1 H, dd, J=7.9, 1 .7Hz), 7.12(1 H, d, J=1 .7Hz), 7.04(1 H, d s 
J=7.9Hz), 6.85(1 H ; d, J=15.5Hz), 4.21 (2H, q, J=6.9Hz), 4.09(2H, q, J=6.9Hz), 4.07(3H, s), 3.88(3H, s), 1.39(3H, t, 
J=6.9Hz), 1 ,38(9H, 5), 1 .27(3H, t, J=6.9Hz). 

Example 1 2 

(E)-8-(4-Acetoxystyryl)-1 ,3-diethyl-7-methylxanthine (Compound 12) 

[0055] Substantially the same procedure as in Example 1 was repeated using 600 mg (1 .76 mmol) of Compound g 
obtained in Reference Example 7. The obtained crude product was recrystallized from ethyl acetate to give 399 mg 
(59% yield) of Compound 12 as white crystals. 
Melting Point :197.7 - 198.1 °C 
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Elemental Analysis :C 2 oH 2 2N40 4 


Calcd. (%) 
Found (%) 


C 62.82, H5.80, N 14.65 
C 62.69, H5.77, N 14.65 



IR (KBr) vmax (cnv 1 ):1 760, 1694, 1659, 1543, 1223. 

NMR (270MHz; CDCI 3 ) 5(ppm):7.78(1 H, d, J=15.8Hz) ; 7.60(2H, d, J=8.6Hz) ; 7.15(2H ; d, J=8.6Hz), 6.87(1H, d ; 
J=1 5.8Hz), 4.22(2H, q, J=6.9Hz), 4.09(2H, q, J=6.9Hz), 4.06(3H, s), 2.33(3H, s), 1.39(3H, t, J=6.9Hz), 1.27(3H, t, 
J=6.9Hz). 

Example 13 

(E)-8-(4-Acetoxy-3-methoxystyryl)-1 ,3-diallyl-7-methylxanthine (Compound 13) 

[0056] Substantially the same procedure as in Example 1 was repeated using 800 mg (2.03 mmol) of Compound i 
obtained in reference Example 9. The obtained crude product was recrystallized from toluene to give 830 mg (94% 
yield) of Compound 13 as white crystals. 
Melting Point :207.0 - 208.0 °C 



Elemental Analysis :C 23 H24N 4 0 5 


Calcd. (%) 
Found (%) 


C 63.29, H5.54, N 12.84 
C 63.53, H5.31, N 12.51 



IR (KBr) vmax (cnrr 1 ):1 752, 1657, 1644, 1511, 1203. 

NMR (270MHz; DMSO-d6 ) S(ppm) :7.66(1 H, d, J=1 5.8Hz), 7.56(1 H, s), 7,40(1 H, d, J=8.3Hz), 7.37(1 H, d, J=15.8Hz), 
7,14(1 H, d, J=8.3Hz), 5.98 - 5.82(2H, m), 5.18 - 5.04(4H, m), 4.64(2H, d, J=5.3Hz), 4.49(2H, d, j=5.3Hz), 4.06(3H, s), 
3.86(3H, s), 2.27(3H, s). 

Example 14 

(E)-8-(3-Acetoxy-4-methoxystyryl) -1 ,3-diethyl-7-methylxanthine (Compound 14) 

[0057] Substantially the same procedure as in Example 1 was repeated using 1 .00 g (2.03 mmol) of Compound j 
obtained in Reference Example 10. The obtained crude product was recrystallized from ethyl acetate to give 807 mg 
(72% yield) of Compound 1 4 as pale yellow crystals. 
Melting Point :241 .3 - 241 .9 °C 



Elemental Analysis :C 21 H 24 N 4 0 5 


Calcd. (%) 
Found (%) 


C 61.16, H5.86, N 13.58 
C61.08, H 6.07, N 13.80 



IR (KBr) vmax (cnrr 1 ):1 759, 1694, 1659, 1543, 1515, 1440, 1273, 1220. 

NMR (270MHz; CDCI 3 ) 5(ppm):7.71 (1 H, d, J=1 5.8Hz), 7.40(1 H, dd, J=8.6, 2.3Hz), 7.32(1 H. d, J=2.3Hz), 6.99(1 H, d s 
J=8.6Hz), 6.75(1 H, d, J=15.8Hz), 4.21 (2H, q, J=6.9Hz), 4.09(2H, q, J=6.9Hz), 4.04(3H, s), 3.88(3H : s), 2.35(3H, s), 
1 .38(3H, t, J=6.9Hz), 1 .26(3H, t, J=6.9Hz). 

Example 1 5 

(E)-8-(4-Acetoxy-3.5-dimethoxystyryl)-1 ,3-diethyl-7-methylxanthine (Compound 15) 

[0058] Substantially the same procedure as in Example 1 was repeated using 1 .50 g (3.75 mmol) of Compound k 
obtained in Reference Example 11 . The obtained crude product was recrystallized from ethanol/N,N-dimethylforma- 
mide to give 1 .1 3 g (68% yield) of Compound 1 5 as yellow powders. 
Melting Point :248.4 - 248.9 °C 
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Elemental Analysis :C 22 H 26 N 4 0 6 


Calcd. (%) 
Found (%) 


C 59.72, H5.92, N 12.56 
C 59.85, H 6.22, N 12.64 



IR(KBr)vmax (cnr 1 ):1 689, 1659, 1597, 1340, 1190, 1129. 

NMR (270MHz; CDCI 3 ) 8(ppm):7.73(1 H, d, J=15.8Hz), 6.83(1 H, d, J=1 3.8Hz), 6.81 (2H, s), 4.21 (2H, q, J=6.9Hz), 4.09 
(2H, q, J=6.9Hz), 4.08(3H, s), 3.89(6H, s), 2.36(3H, s), 1 .39(3H, t, J=6.9Hz), 1 .27(3H, t, J=6.9Hz). 

10 

Example 1 6 

(E)-8-(4-Benzoyloxy-3.5-dimethoxystyryl)-1 ,3-diethyl-7-methylxanthine (Compound 1 6) 

15 [0059] Substantially the same procedure as in Example 2 was repeated using 1 .50 g (3.75 mmol) of Compound k 
obtained in Reference Example 11 . The obtained crude product was recrystallized from toluene/cyclohexane to give 
1 .16 g (61% yield) of Compound 16 pale yellow crystals. 
Melting Point :195.7 - 196.3 °C 



Elemental Analysis :C 27 H 28 N 4 0 6 


Calcd. (%) 
Found (%) 


C 64.28, H5.59, N 11.10 
C 64.16, H5.61, N 11.03 



IR(KBr)vmax (cm- 1 ):1740, 1699, 1658, 1653, 1508, 1342. 

NMR (270MHz; CDCI 3 ) 5(ppm) ):8.24(2H, dd, J=7.9, 1.7Hz), 7.76(1 H, d, J=15.8Hz), 7.65(1 H, dt, J=7.9, 1 ,7Hz), 7.52 
(2H, t, J=7.9Hz), 6.87(1 H, d, J=15.8Hz), 6.86(2H, m) 4.22(2H, q, J=6.9Hz), 4.10(2H, q, J=6.9Hz), 4.09(3H, s), 3.87 
(6H ; s), 1 .40(3H, t, J=6.9Hz), 1 ,27(3H, t, J=6.9Hz). 

Example 1 7 

(E)-8-(4-Acetoxy-3 ! 5-dimethoxystyryl)-1 ,3-diallyl-7-methylxanthine (Compound 17) 

[0060] Substantially the same procedure as in Example 1 was repeated using 1 .1 9 g (2.81 mmol) of Compound m 
obtained in Reference Example 12. The obtained crude product was recrystallized from ethanol/N,N-dimethylforma- 
mide to give 680 mg (52% yield) of Compound 17 as white powders. 
Melting Point :220.5 - 221 .1 °C 



Elemental Analysis :C24H 26 N 4 0 6 


Calcd. (%) 
Found (%) 


C61.79, H5.62, N 12.01 
C61.74, H5.78, N 12.07 



IR (KBr) vmax (crrr 1 ):1 762, 1708, 1671, 1610, 1137. 

NMR (270MHz; CDCI 3 ) S(ppm) :7.73(1H, d, J=15.8Hz), 6.82(1 H, d, J=1 5.8Hz), 6.81 (2H, s), 6.11 - 5.87(2H, m), 5.35 - 
5.17(4H, m), 4.76(2H, d, J=5.4Hz), 4.65(2H, d, J=5.4Kz), 4.08(3H, s), 3.89(6H, s), 2.36(3H, s). 

Example 1 8 

(E)-1 ,3-Diallyl-8-(4-benzoyloxy-3,5-dimethoxystyryl)-7-methylxanthine (Compound 18) 

[0061] Substantially the same procedure as in Example 2 was repeated using 1 .00 g (2.36 mmol) of Compound m 
obtained in Reference Example 12. The obtained crude product was recrystallized from toluene/cyclohexane to give 
990 mg (79% yield) of Compound 1 8 as white powders. 
Melting Point :178.6 - 179.8 °C 
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Elemental Analysis :C 2 9H 28 N 4 0 6 


Calcd. (%) 
Found (%) 


C 65.90, H5.34, N 10.60 
C 66.00, H5.40, N 10.58 



IR(KBr)vmax (cnv 1 ):1 737, 1699, 1665, 1593, 1434, 1341, 1267, 1254. 

NMR (270MHz; CDCI 3 ) S(ppm):8.23(2H, dd ; J=7.4, 1.5Hz), 7.77(1 H, d, J=1 5.8Hz), 7.65(1 H, dt, J=7.4, 1 5Hz), 7.52 
(2H, t, J=7.4Hz), 6.86(1 H, d, J=15.8Hz), 6.85(2H, s), 6.11 - 5.88(2H, m), 5.36 - 5.18(4H, m), 4.77(2H, d, J=5.4Hz), 
4.65(2H, d, J=5.4Hz), 4.09(3H, s), 3.87(6H, s). 

Example 1 9 

(E)-8-(3-Acetoxystyryl)-1 ,3-diethyl-7-methylxanthine (Compound 19) 

[0062] Substantially the same procedure as in Example 1 was repeated using 3.00 g (3.81 mmol) of Compound n 
obtained in Reference Example 13. The obtained crude product was recrystallized from ethyl acetate to give 2.80 g 
(86% yield) of Compound 1 9 as white crystals. 
Melting Point :206 - 207 °C 



Elemental Analysis :C 20 H 22 N 4 O 4 


Calcd. (%) 
Found (%) 


C 62.80, H5.80, N 14.65 
C 62.83, H6.03, N 14.56 



IR (KBr) vmax (cm" 1 ) :1781, 1711, 1683, 1565 ; 1516, 1466. 

NMR (270MHz; DMSO-d 6 ) 6(ppm):7.65(1 H, d, J=15.8Hz), 7.65(1 H, s), 7.63(1 H, d, J=8.3Hz), 7.45(1H, t, J=8.3Hz), 
7.39(1 H, d, J=1 5.8Hz), 7.13(1 H, d, J=8.3Hz), 4.07(2H, q, J=6.9Hz), 4.04(3H, s), 3.92(2H, q, J=6.9Hz), 2.30(3H, s) 1 .25 
(3H ; t, J=6.9Hz), 1 .13(3H, t, J=6.9Hz). 

Example 20 

(E)-8-(3-Benzoyloxystyryl)-1 ,3-diethyl-7-methylxanthine (Compound 20) 

[0063] Substantially the same procedure as in Example 2 was repeated using 800 mg (2.23 mmol) of Compound n 
obtained in Reference Example 13. The obtained crude product was recrystallized from toluene/hexane to give 962 
mg (97% yield) of Compound 20 as white powders. 
Melting Point :223 - 224 °C 



Elemental Analysis :C 25 H 24 N 4 0 4 


Calcd. (%) 
Found (%) 


C 67.55, H5.44, N 12.61 
C 67.63, H5.68, N 12.43 



IR(KBr)vmax (crrr 1 ): 1748, 1606, 1516, 1456, 1422. 

NMR (270MHz; CDCI 3 ) 5(ppm ):8.21 (2H, dd, J=8.3, 1.5Hz), 7.81 (1H, d, J=15.3Hz), 7.67(1 H, t, J=7.4Hz), 7.46 - 7.57 
(5H, m), 7.20 - 7.24(1 H, m), 6.93(1 H, d, J=15.3Hz), 4.21 (2H, q, J=6.9Kz), 4.08(2H, q, J=6.9Hz), 4.06(3H, s), 1 .38(3H, 
t, J=6.9Hz), 1.26(3H, t, J=6.9Hz). 

Example 21 

(E)-8-(2-Acetoxy-5-methoxystyryl)-1 ,3-diethyl-7-methylxanthine (Compound 21) 

[0064] Substantially the same procedure as in Example 1 was repeated using 3.00 g (8.10 mmol) of Compound o 
obtained in Reference Example 14. The obtained crude product was recrystallized from ethyl acetate to give 3.25 g 
(97% yield) of Compound 21 as yellow crystals. 
Melting Point :186 - 187 °C 
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Elemental Analysis :C 2 iH 2 4N 4 0 5 


Calcd. (%) 
Found (%) 


C 61.15, H5.87, N 13.59 
C61.24, H6.21, N 13.75 



IR(KSr)vmax (cnv 1 ):1 767, 1672, 1613, 1492, 1454, 1426. 

NMR (270MHz; DMSO-d 6 ) 5(ppm ):7.76(1 H, d, J=15.8Hz), 7.15(1 H, d, J=3.0Hz), 7.05(1 H, d, J=8.9Hz) 6.92(1 H, dd, 
J=3.0, 8.9Hz), 6.89(1 H, d, J=1 5.8Hz), 4.20(2H, q, J=6.9Hz), 4.09(2H, q, J=6.9Hz), 4.04(3H, s), 3.86(3H, s), 2,37(3H, 
s), 1 .37(3H, t, J=6.9Hz), 1 .26(3H, t, J=6.9Hz). 

Example 22 

(E)-8-(2-Benzoyloxy-5-methoxystyryl)-1 ,3-diethyl-7-methylxanthine (Compound 22) 

[0065] Substantially the same procedure as in Example 2 was repeated using 800 mg (2.16 mmol) of Compound o 
obtained in Reference Example 14. The obtained crude product was recrystallizedfrom N, N -d imethy If orm amide/water 
to give 972 mg (95% yield) of Compound 22 as yellow powders. 
Melting Point :254 - 255 °C 



Elemental Analysis :C 26 H 26 N 4 0 5 


Calcd. (%) 
Found (%) 


C 65,81, H5.52, N 11.81 
C 65.81, H5.74, N 11.73 



IR(KBr)vmax (cnrr 1 ):1 744, 1614, 1559, 1521, 1425. 

NMR (270MHz; CDCI 3 ) 5(ppm) :8.27(2H, dd, J=7.6, 1.3Hz), 7.81 (1H, d, J=15,8Hz), 7.68(1 H, dt, J=1 .3, 7.6Hz), 7.54 
(2H, t, J=7.6Hz), 7,21(1H, d, J=8.9Hz), 7.18(1H, d, J=3.3Hz), 6.96(1H, dd, J=3.3, 8.9Hz), 6.93(1 H, d, J=1 5.8Hz), 4.10 
(2H, q, J=6.9Hz), 4.05(2H, q, J=6.9Hz), 3.88(3H, s) : 3.83(3H, s), 1 ,24(3H, t, J=6.9Hz), 1 .23(3H, t, J=6.9Hz). 

Example 23 

(E)-8-(2-Acetoxy-3-methoxystyryl)-1 ,3-diethyl-7-methylxanthine (Compound 23) 

[0066] Substantially the same procedure as in Example 1 was repeated using 2.00 g (5.40 mmol) of Compound p 
obtained in Reference Example 15. The obtained crude product was recrystallized from ethyl acetate to give 2.01 g 
(90% yield) of Compound 23 as white crystals. 
Melting Point :201 .5 - 202.8 °C 



Elemental Analysis :C 21 H 24 N 4 0 5 


Calcd. (%) 
Found (%) 


C 61.16, H5.86, N 13.58 
C61.04, H 6.09, N 13.45 



IR (KBr) vmax (cnrr 1 ):1 765, 1695, 1657, 1544, 1444, 1280. 

NMR (270MHz; CDCI 3 ) 5(ppm ):7.80(1 H, d, J=1 5.8Hz), 7,30 -7.21 (2H, m), 6.98(1 H, dd, J=6.9, 2.3Hz), 6.93(1 H, d, 
J=15.8Hz), 4.21 (2H, q, J=6.9Hz), 4.09(2H, q, J=6.9Hz), 4.04(3H, s), 3.86(3H : s), 2.41 (3H, s), 1.38(3H, t, J=6.9Hz), 
1.26(3H,t, J=6.9Kz). 

Example 24 

(E)-8-(2,3-Diacetoxystyryl)-1 ,3-diethyl-7-methylxanthine (Compound 24) 

[0067] Substantially the same procedure as in Example 1 was repeated using 685 mg (1 .92 mmol) of Compound q 
obtained in Reference Example 16. The obtained crude product was recrystallized from ethyl acetate to give 601 mg 
(71% yield) of Compound 24 as pale brown crystals. 
Melting Point :228.3 - 230.2 °C 



19 



EP 0 698 607 B1 



Elemental Analysis :C 2 2H 2 4N 4 0 6 


Calcd. (%) 
Found (%) 


C 59.99, H5.49, N 12.72 
C 59.86, H5,72, N 12.73 



IR(KBr)vmax (cnv 1 ):1 769, 1692, 1665, 1220. 

NMR (270MHz; CDC\ 3 ) S(ppm):7.77(1 H, d, J=15.BHz), 7.57(1 H, dd, J=7.9, 1.7Hz), 7.31 (1H,t, J=7.9Hz), 7.22(1 H, dd, 
J=7.9, 1.7Hz), 6.93(1 H, d, J=15.8Hz), 4.20(2H, q, J=6.9Hz) ! 4.09(2H, q, J=6.9Hz), 4.05(3H, s), 2.39(3H, s), 2.31 (2H, 
10 s), 1 .37(3H, t, J=5.9H2), 1 .26(3H, t, J=6.9Hz). 



Example 25 



(E)-8-(3-Acetoxy-4.5-methylenedioxystyryl)-1 ,3-diethyl-7-methylxanthine (Compound 25) 

15 

[0068] Substantially the same procedure as in Example 1 was repeated using 2.00 g (5.02 mmol) of Compound r 
obtained in Reference Example 17. The obtained crude product was purified by silica gel column chromatography to 
give 471 mg (22% yield) of Compound 25 as a yellow solid, which was recrystallized from dioxane/waterto give yellow 
powders. 
20 Melting Point :>270°C 



Elemental Analysis :C 21 H 22 N 4 0 6 


Calcd. (%) 
Found (%) 


C 59.15, H5.20, N 13.14 
C 59.13, H5.31, N 13.07 



IR(KBr)vmax (cnrr 1 ):1 709, 1673, 1520, 1460, 1309. 

NMR (270MHz; CDCI 3 ) 5(ppm ):7.66(1 H. d, J=15.8Hz), 6.98(1 H, d, J=1 .7Hz) 6.88(1 H, d, J=1.7Hz), 6.73(1 H, d, 
J=15.8Hz), 6.06(2H, s), 4.20(2H, q, J=6.9Hz), 4.09(2H, q, J=6.9Hz), 4.04(3H ; s), 2.34(3H, s), 1.37(3H, t, J=6.9Hz), 
1.26(3H, t, J=6.9Hz). 



Reference Example 1 



(E)-8-(3,4-Dihydroxystyryl)-7-methyl-1 ,3-dipropylxanthine (Compound a) 

35 

[0069] Boron tribromide (5.6 ml, 5.6 mmol) in 1 .0 M methylene chloride solution was added to an ice-cooled solution 
of 770 mg (1 .87 mmol) of (E)-8-(3,4-dimethoxystyryl)-7-methyl-1 ,3-dipropylxanthine (WO92/0697 in is ml of methylene 
chloride in an atmosphere of argon, followed by stirring at room temperature overnight. Methanol was added to the 
reaction mixture, followed by partitioning between chloroform and sodium hydrogen carbonate solution. The organic 
40 layer was washed with saturated aqueous sodium chloride, and dried over anhydrous sodium sulfate. The solvent was 
removed by evaporation, and the residue was purified by silica gel column chromatography to give 550 mg (77% yield) 
of Compound a as a yellow solid, which was micropowdered by ether to give yellow powders. 
Melting Point :250.1 - 251 .4 °C 



Elemental Analysis :C 20 H 2 4N 4 O 4 


Calcd. (%) 
Found (%) 


C 62.49, H 6.29, N 14.57 
C 62.27, H 6.48, N 14.74 



IR (KBr) vmax (cm- 1 ):1 680, 1640, 1543, 1306. 

NMR (270MHz; DMSO-d 6 ) 5(ppm):9.31 (1 H, brs), 8.95(1 H, brs), 7.49(1 H, d ; J=15.8Hz) ; 7.15(1 H, d, J=2.0Hz), 7.04(1 H, 
dd, J=7.9, 2.0Hz), 6.98(1 H, d, J=15.8Hz), 6.78(1 H, d, J=7.9Hz), 3.99(2H, t, J=7.6Hz), 3.98(3H, s), 3.84(2H, t, J=7.4Hz), 
1 .73(2H, m), 1 .57(2H, m), 0.90(3H, t, J=7.4Hz), 0.87(3H, t, J=7.4Hz). 
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Reference Example 2 

(E)-8-(3-Hydroxy-4-methoxystyryl)-7-methyl-1 ,3-dipropylxanthine (Compound b) 

5 [0070] Compound a (500 mg, 1 ,30mmol) obtained in Reference Example 1 was dissolved in 10 ml of dimethylfor- 
mamide, and methyl iodide (0.40 ml, 6.43 mmol) and lithium carbonate (400 mg, 6.50 mmol) were added thereto, 
followed by heating at 80 °C for 5 hours. Water was added to the reaction mixture to dissolve lithium carbonate, and 
the resulting precipitate was collected by filtration. The obtained crude product was dissolved in chloroform, and the 
solution was washed with saturated aqueous sodium chloride. The solvent was removed by evaporation, and the 

10 residue was purified by silica gel column chromatography, and subsequently recrystallized from hexane/ethyl acetate 
to give 162 mg (31% yield) of Compound b as yellow crystals. 
Melting Point :200.3 - 203.6 °C 
EI-MS (m/z) :398(M + ) 

IR(KBr)vmax (crrr 1 ):1 683, 1642, 1512, 1278. 
15 NMR (270MHz; DMSO-d 6 ) S(ppm):8.98(1 H, brs), 7.52(1H, d ; J=15.5Hz), 7.22(1H i d ; J=2.0Hz), 7.15(1H, dd, J=8.3, 
2.0Hz), 7.06(1 H, d, J=15.5Hz), 6.96(1 H, d, J=8.3Hz), 4.02 -3.97(2H, m), 4.00(3H, s), 3.84- 3.82(2H, m), 3.82(3H, s), 
1 .80-1 .50(4H, m), 0.90(3H, t, J=7.3Hz), 0.87(3H, t, J=7.3Hz). 

Reference Example 3 

20 

(E)-8-(3-Methoxy-4-methoxymethoxystyryl)-1 ,3-dipropylxanthine (Compound c) 

[0071] 3-Methoxy-4-methoxymethoxy cinnamic acid (4.63 g. 1 9.4 mmol) and 3-(3-diethylaminopropyl)-1 -ethylcarbo- 
diimido hydrochloride (5.08 g) were added to a mixed solution of 4.00 g (1 7.7 mmol) of 5,6-diamino-1 ,3-dipropyluracil 

25 [J. Med. Chem., 28, 487 (1985)] in 50 ml of dioxane/25 ml of water. The solution was stirred at room temperature for 
1 hour while adjusting to pH 5.5. The reaction mixture was cooled to room temperature, then 1 .59 g of sodium hydroxide 
and 2N sodium hydroxide solution (50 ml) were added thereto. The mixture was heated under reflux for 1 hour, followed 
by cooling. The mixture was neutralized by adding 2N hydrochloric acid and the resulting precipitate was collected by 
filtration. The obtained crude product was recrystallized from dioxane/water to give 5.06 g (67% yield) of Compound 

30 c as pale yellow crystals. 

Melting Point :226.7 - 227.4 °C 



35 



Elemental Analysis :C 22 H28N 4 0 5 


Calcd. (%) 
Found (%) 


C61.67, H 6.58, N 13.08 
C61.56, H 6.68, N 13.09 



IR(KBr)vmax (cm- 1 ):1697, 1655, 1650, 1516, 1255. 

NMR (270MHz; DMSO-d 6 ) S(ppm): 13.47(1 H, brs), 7.60(1 H, d, J=1 6.5Hz), 7.31 (1H, s), 7.10(2H, m), 7.00(1 H, d : 
40 J=16.5Hz), 5.19(2H, s), 3.98(2H, t, J=6.9Hz), 3.88 - 3.83(5H, m), 3.40(3H, s) ; 1.79- 1.66(2H, m), 1.62 - 1.51(2H, m), 
0.90(3H, t, J=7.6Hz) ; 0.88(3H, t, J=7.6Hz). 

Reference Example 4 

45 (E)-8-(3-Methoxy-4-methoxymethoxystyryl)-7-methyl-1 ,3-dipropylxanthine (Compound d) 

[0072] Compound c (4.5 g, 10.5 mmol) obtained in Reference Example 3 was dissolved in 90 ml of dimethylforma- 
mide, and potassium carbonate (3.63 g, 26.26 mmol) and methyl iodide (1 .31 ml, 21 .04 mmol) were added thereto, 
followed by stirring at 50 °C for 1 hour. After cooling, water was added to the reaction mixture, and the resulting pre- 
50 cipitate was collected by filtration. The obtained crude product was recrystallized from hexane/ethyl acetate to give 
3.66 g (79% yield) of Compound d as pale yellow crystals. 
Melting Point :153.2 - 154.9 °C 



Elemental Analysis :C23H 3 oN 4 0 5 


Calcd. (%) 
Found (%) 


C 62.43, H6.83, N 12.66 
C 62.42, H 6.95, N 13.05 
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IR (KBr) vmax (cm" 1 ): 1 697, 1656, 1544, 1254. 

NMR (270MHz; CDCI 3 ) 5(ppm):7,73(1 H; d, J-15.8Hz), 7.20 -7.13(2H, m), 7.1 0(1 H, m), 6.78(1 H, d, J=15.8Hz), 5.28 
(2H, s), 4.14- 4.08(2H, m), 4.06(3H, s), 4.01- 3.97(2H, m), 3.96(3H, s), 3.53(3H, s), 1.91 - 1.77(2H, m) , 1.76 - 1.63 
(2H ; m) , 1 .01 (3H, t, J=7.6Hz), 0.97(3H, t, J=7.6Hz). 

5 

Reference Example 5 

(E)-8-(4-Hydroxy-3-methoxystyryl)-7-methyl-1 ,3-dipropylxanthine (Compound e) 

10 [0073] Compound d (3.00 g, 6.78 mmol) obtained in Reference Example 4 was suspended in 60 ml of tetrahydrofuran, 
and 2N hydrochloric acid (17 ml) was added thereto, followed by heating under reflux for 1 hour. The reaction mixture 
was neutralized by adding 2N sodium hydroxide under ice-cooling. Water was added to the reaction mixture, and the 
resulting precipitate was collected by filtration. The obtained crude product was recrystallizedfrom hexane/ethyl acetate 
to give 1 .93 g (72% yield) of Compound e as pale yellow crystals. 

15 Melting Point :186.8 - 187.9 °C 



Elemental Analysis :C 2 iH 26 N 4 0 4 


Calcd. (%) 
Found (%) 


C 63.30, H 6.57, N 14.06 
C 63.19, H 6.69, N 19.25 



IR (KBr) vmax (cm- 1 ):1693, 1550, 1540, 1520, 1284. 

NMR (270MHz; DMSO-d 6 ) S(ppm):9.44(1 H, brs), 7.57(1 H, d, J=15.5Hz), 7.39(1 H, s), 7.1 9(1 H, d, J=8.3Hz), 7.13(1 H, 
d, J=1 5.5Hz), 6.81 (1H, d, J=8.3Hz), 4.01 (3H, s), 3.99(2H, t, J=7.6Hz), 3.86(3H, s), 3.84(2H, t, J=7.6Hz), 1.77- 1.66 
25 (2H S m), 1 .63 - 1 .50(21-1, m), 0.90(3H, t, J=7.6Hz), 0.87(3H, t, J=7.6Hz). 

[0074] Compounds of the following Reference Examples 6 to 1 6 were obtained from the corresponding uracil deriv- 
atives and cinnamic acid derivatives according to the procedures of Reference Examples 3 to 5. 

Reference Example 6 

30 

(E)-1 ,3-Diethyl-8-(4-hydroxy-3-methoxystyryl)-7-methylxanthine (Compound f) 
[0075] Melting Point :185.3 - 185.5 °C (ethyl acetate) 



Elemental Analysis :C 19 H 22 N 4 0 4 -H 2 0 


Calcd. (%) 
Found (%) 


C 58.75, H6.23, N 14.42 
C 59.13, H6.21, N 14.39 



40 IR (KBr) vmax (cnrr 1 ):1 687, 1657, 1650, 1515, 1276. 

NMR (270MHz; DMSO-d 6 ) 5(ppm):9.45(1 H, brs), 7.59(1 H, d, J=15.8Hz), 7.39(1 H. d, J=2.0Hz), 7.1 9(1 H, dd, J=7.9, 
2.0Hz), 7.14(1H, d, J=15.8Hz), 6.81(1H, d s J=7.9Hz), 4.06(2H, q, J=6.9Hz), 4.02(3H, s), 3.91(2H, q, J=6.9Hz), 3.86 
(3H ; s), 1.26(3H, t, J=6.9Hz), 1.13(3H, t, J=6.9Hz). 

4 5 Reference Example 7 

(E)-2,3-Diethyl-8-(4-hydroxystyryl)-7-methylxanthine (Compound g) 

[0076] Melting Point :>270 °C (isopropanol) 
50 . . 



Elemental Analysis :C 18 H 20 N 4 O 3 


Calcd. (%) 
Found (%) 


C 63.52, H5.92, N 16.46 
C 63.17, H6.02, N 16.18 



55 

IR (KBr) vmax (cnrv 1 ):1 696, 1636, 1607, 1517. 

NMR (270MHz; DMSO-d 6 ) 5(ppm):9.79(1 H, s), 7.62(2H : d, J=8.3Hz), 7.58(1H, d, J=1 5.8Hz), 7.08(1H, d, J=15.8Hz), 
6.81 (2H, d, J=8.3Hz), 4.07(2H, q, J=6.9Hz), 3.99(3H, s), 3.92(2H, q, J=6.9Hz), 1.26(3H, t, J=6.9Hz), 1.13(3H, t, 
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J=6.9Hz). 

Reference Example 8 

(E)-1 ,3-Dipropyl-8-(3,5-dihydroxys1yryl)-7-methylxanthine (Compound h) 
[0077] EI-MS (m/z) :384(M + ) 

NMR (270MHz; DMSO-d 6 ) S(ppm):9.37(2H, s), 7.45(1 H, d, J=15.8Hz), 7.13(1 H, d, J=15.8Hz), 6.59(2H, s), 6.28(1 H ; 
s), 4.01 (3H, s), 4. 10- 3.81 (4H, m), 1.76 - 1.53(4H, m), 0.93 -0.84 (6H, m). 

Reference Example 9 

(E)-1 ,3-Diallyl-8-(4-hydroxy-3-methoxystyryl)-7-methylxanthine (Compound i) 
[0078] Melting Point :202.0 - 203.0 °C (toluene/cyclohexane) 



Elemental Analysis :C 2 iH 22 N 4 0 4 


Calcd. (%) 
Found (%) 


C 63.95, H5.62, N 14.20 
C 64.05, H5.80, N 13.98 



IR (KBr) vmax (cm- 1 ):1 688, 1639, 1523, 1283. 

NMR (270MHz; DMSO-d 6 ) S(ppm):9.47(1 H, brs), 7.57(1 H, d, J=15.5Hz), 7.39(1 H, s), 7.1 9(1 H, d, J=7.3Hz), 7.14(1 H, 
d, J=15.5Hz), 6.81 (1 H, d, J=7.9Hz), 6.03- 5.79(2H, m), 5.21 -5.03(4H, m), 4.63(2H, d, j=4.6Hz), 4.48(2H, d, J=4.6Hz), 
4.02(3H, s), 3.86(3H, s). 

Reference Example 10 

(E)-1 ,3-Diethyl-8-(3-hydroxy-4-methoxystyryl) -7-methylxanthine (Compound j) 
[0079] Melting Point :204.5 - 205.8 °C (ethyl acetate) 



Elemental Analysis :C 19 H 2 2N 4 0 4 


Calcd. (%) 
Found (%) 


C61.61, H5.98, N 15.13 
C61.49, H 6.06, N 14.98 



IR (KBr) vmax (cm- 1 ):1689, 1653, 1515, 1442. 

NMR (270MHz; DMSO-d 6 ) 5(ppm):9.06(1 H,brs) , 7.53 (1 H, d, J=15.5Hz), 7.23(1 H, s), 7.17(1 H, d, J=8.3Hz), 7.08(1 H. 
d, J=15.5Hz), 6.96(1H, d ; J=8.3Hz), 4.06(2H, q, J=6.9Hz), 4.00(3H, s) ; 3.92(2H, q, J=6.9Hz), 3.82(3H, s), 1.25(3H, t, 
J=6.9Hz), 1 .13(31-1, t, J=6.9Hz). 

Reference Example 11 

(E)-1 ,3-Diethyl-8-(4-hydroxy-3.5-dimethoxystyryl)-7-methylxanthine (Compound k) 
[0080] Melting Point :225.9 - 226.4 °C (toluene/cyclohexane) 



Elemental Analysis :C 20 H 24 N 4 O 5 


Calcd. (%) 
Found (%) 


C 59.99, H6.04, N 13.99 
C 59.89, H6.08, N 13.94 



IR (KBr) vmax (cnrv 1 ):1 689, 1656, 1641, 1514, 1334. 

NMR (270MHz; CDCI 3 ) 5(ppm ):7.71 (1 H, d, J=15.8Hz), 6.82(2H, s), 6.75(1 H, d, J=15.8Hz), 5.75(1 H. brs), 4.21 (2H, q ; 
J=6.9Hz), 4.09(2H, q, J=6.9Hz), 4.07(3H, s), 3.96(6H, s), 1 .39(3H, t, J=6.9Hz), 1 ,27(3H, t, J=6.9Hz). 
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Reference Example 12 

(E)-1 ,3-Diallyl-8-(4-hydroxy-3,5-dimethoxystyryl)-7-methylxanthine (Compound m) 
5 [0081] Melting Point :239.2 - 239.8 °C (2-propanol/water) 



Elemental Analysis :C 2 2H24N 4 0 5 


Calcd. (%) 
Found (%) 


C 62.25, H5.70, N 13.20 
C 61.86, H5.73, N 13.11 



IR (KBr) vmax (cm- 1 ):1 695, 1666, 1518, 1337, 1110. 

NMR (270MHz; CDCI 3 ) 5(ppm):7.71 (1 H, d, J=15.8Hz), 6.82(2H ; s), 6.74(1 H, d, J=15.8Hz), 6.10 - 5.87(2H, m), 5.74 
(1H, brs), 5.35-5.16(4H, m), 4,76(2H, d, J-5.6Hz), 4.65(2H, d, J=5.6Hz), 4.06(3H, s), 3.96(6H, s). 

15 

Reference Example 13 

(E)-1 ,3-Diethyl-8-(3-hydroxystyryl)-7-methylxanthine (Compound n) 
20 [0082] Melting Point :250 - 251 °C 



Elemental Analysis :Ci 8 H 2 oN40 3 -H 2 0 


Calcd. (%) 
Found (%) 


C 60.35, H6.19, N 15.63 
C 60.68, H6.28, N 15.60 



IR (KBr) vmax (cnrr 1 ):1 763, 1714, 1670, 1632, 1586, 1518, 1422. 

NMR (270MHz; DMSO-d 6 ) 5(ppm):9.55(1 H, s), 7.55(1 H, d, J=15.8Hz) : 7,22(1 H, d, J=15.8Hz), 7.1 3- 7.25(3H, m), 6.79 
(1 H. d, J=6.9Hz), 4.06(2H, q, J=6.9Hz), 4.01 (3H, s), 3.90(2H, q, J=6.9Hz), 1 .26(3H, t, J=6.9Hz), 1 ,13(3H, t, J=6.9Hz). 
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Reference Example 14 

(E)-1 ,3-Diethyl-8-(2-hydroxy-5-methoxystyryl)-7-methylxanthine (Compound o) 
35 [0083] Melting Point :248 - 250 °C (N,N-dimethylformamide/water) 



Elemental Analysis :C 19 H 22 N404-I-I 2 0 


Calcd. (%) 
Found (%) 


C 58.75, H6.23, N 14.43 
C 58.81, H 6.62, N 14.54 



IR (KBr) vmax (cm- 1 ) 1616, 1559, 1527, 1449, 1419. 

NMR (270MHz; DMSO-d 6 ) S(ppm):9.63(1 H, s), 7.93(1 H s d, J=15.8Hz), 7.33(1 H, d, J=2.4Hz), 7.28(1 H, d, J=15.8Hz), 
6.83(1 H, s), 6.81 (1H, d, J=2.4Hz), 4.07(2H, q, J=6.9Hz), 4.01 (3H, s), 3.91 (2H, q, J=6.9Hz), 3.75(3H, s), 1.26(3H, t, 
45 J=6.9Hz), 1 .13(3H, t, J=6.9Hz). 

Reference Example 15 

(E)-1 ,3-Diethyl-8-(2-hydroxy-3-methoxystyryl)-7-methylxanthine (Compound p) 

50 

[0084] Melting Point :225.4 - 226.4 °C (dioxane/water) 



Elemental Analysis :C 19 H 2 2N 4 0 4 


Calcd. (%) 
Found (%) 


C61.61, H5.98, N 15.13 
C61.40, H6.12, N 15.09 



IR (KBr) vmax (crrv 1 ):1 758, 1721, 1507, 1328. 
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NMR (270MHz; DMSO-d 6 ) S(ppm):9.26(1 H,brs), 8.01 (1 H. d, J=1 6.2Hz), 7.40(1 H, d, J=7.9Hz), 7.24(1 H, d, J=1 6.2Hz), 
6.97(1 H, d, J=7.9Hz), 6.83(1 H, d, J=7.9Hz), 4.07(2H, q, J=6.9Hz), 4.00(3H, s), 3.92(2H, q, J=6.9Hz), 3.84(3H : s), 1 .26 
(3H S t, J=6.9Hz), 1 .13(3H, t, J=6.9Hz). 

Reference Example 16 

(E)-1 ,3-Diethyl-8-(2,3-dihydroxystyryl)-7-methylxanthine (Compound q) 
[0085] Melting Point :242.2 - 244.2 °C (dioxane/water) 



Elemental Analysis : C ia H 20 N 4 O 4 -0.6 H 2 0 


Calcd. (%) 
Found (%) 


C 58.88, H5.82, N 15.26 
C 58.81, H5.80, N 14.87 



IR(KBr)vmax (cnrv 1 ):1 691 , 1642, 1543, 1437, 1279. 

NMR (270MHz; DMSO-d 6 ) 5(ppm):7.99(1 H, d, J=15.8Hz), 7.25(1 H, d, J=7.6Hz), 7.21 (1H, d, J=15.8Hz), 6.80(1 H, d s 
J=7.6Hz), 6.68(1 H, t, J=7.6Hz) f 4.07(2H, q, J=6.9Hz), 4.00(3H, s), 3.92(2H, q, J=6.9Hz), 1.26(3H, t, J=6.9Hz), 1.13 
(3H ; t, J=6.9Hz). 

Reference Example 17 

(E)-1 ,3-Diethyl-8-(3-hydroxy-4.5-methylenedioxystyryl)-7-methylxanthine (Compound r) 

[0086] Substantially the same procedure as in Reference Example 1 was repeated using 500 mg (1 .25 mmol) of (E)- 
1 ,3-diethyl-8-(3,4-methylenedioxy-5-methoxystyryl)-7-methylxanthine (Japanese Published Unexamined Patent Ap- 
plication No. 211 856/34). The obtained crude product was purified by silica gel column chromatography to give 21 6 mg 
(45% yield) of Compound r as a yellow solid, which was finepowdered in ethanol to give yellow powders. 
Melting Point :264.7 - 268.2 °C 



Elemental Analysis :C 19 H 20 N 4 O 5 - 0.6 H 2 Q 


Calcd. (%) 
Found (%) 


C 57.75, H5.41, N 14.18 
C 57.90, H5.60, N 13.95 



IR(KBr)vmax (cm" 1 ): 1 714, 1657, 1537, 1460. 

NMR (270MHz; DMSO-d 6 ) 5(ppm):9.85(1 H,s), 7.47(1 H, d, J=15.8Hz), 7.12(1H, d, J=15.8Hz), 7.05(1H, d, J=1.3Hz), 
6.75(1 H, d, J=1 .3Hz), 6.02(2H, s), 4.06(2H, q, J=6.9Hz), 4.00(3H, s), 3.91 (2H, q, J=6.9Hz), 1 .25(3H, t, J=6.9Hz), 1.12 
(3H, t, J=6.9Hz). 

Preparation Example 1 Tablet 

[0087] Tablets having the following composition are prepared according to a conventional method. 



Prescription 


Compound 4 


20 mg 


Lactose 


143.4 mg 


Potato starch 


30 mg 


Hydroxypropyl cellulose 


6 mg 


Magnesium stezarate 


0.6 mg 




200 mg 



Preparation Example 2 Fine Granules 

[0088] Fine granules having the following composition are prepared according to a conventional method. 
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Prescription 


Compound 5 


20 mg 


Lactose 


655 mg 


Corn starch 


285 mg 


Hydroxypropyl cellulose 


40 mg 




1 ,000 mg 



Preparation Example 3 Capsules 

[0089] Capsules having the following composition are prepared according to a conventional method. 



Prescription 


Compound 4 
Avicel 

Magnesium stearate 


20 mg 
99.5 mg 
0.5 mg 




120 mg 



Preparation Example 4 Injectable Preparations 

[0090] An injectable preparation having the following composition is prepared according to a conventional method. 



Prescription 


Compound 5 


2 mg 


Purified soybean oil 


200 mg 


Purified yolk lecithin 


24 mg 


Injectable glucose solution 


50 mg 


Injectable distilled water 


1 .72 ml 




2.00 ml 



Preparation Example 5 Syrup 

[0091] Syrup having the following composition is prepared according to a conventional method. 



Prescription 


Compound 4 


20 mg 


Refined sucrose 


30 mg 


p-hydroxybenzoic ethyl ester 


40 mg 


p-hydroxybenzoic propyl ester 


10 mg 


Strawberry flavor 


0.1 ml 


Water 


99.8 ml 




100 ml 



Effect of the Invention 

[0092] The present invention provides novel xanthine derivatives and pharmaceutical^ acceptable salts thereof 
which are useful for treatment or prevention of various kinds of diseases caused by hyperergasia of adenosine A 2 
receptors (for example, Parkinson's disease, senile dementia, depression, asthma, and osteoporosis). 
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Claims 

1. A xanthine derivative represented by Formula (I): 




wherein R 1 and R 2 independently represent ethyl, propyl, or ally I , and R 3 represents hydrogen, C r C 6 alkyl, C 2 -C 6 
alkenyl, or C 2 -C 6 alkynyl, R 4 represents C-|-C 6 alkyl, or substituted or unsubstituted aryl R 5 and R 6 independently 
represent hydrogen, C r C 6 alkyl, or C r C 6 alkoxy, or R 5 and R 6 are combined together to represent -0-(CH 2 ) p -0- 
(p is an integer of 1 to 3), and m represents 1 or 2 wherein aryl means phenyl or naphthyl. and 
the substituted aryl contains from 1 to 4 substituents selected from the group consisting of substituted or unsub- 
stituted C-|-C 6 alkyl, hydroxy, substituted or unsubstituted C v C e alkoxy, halogen, nitro, amino, C-|-C 6 alkylamino, 
di-(C|-C 6 alkyl)amino, benzyloxy, phenyl and phenoxy, 

wherein the substituted C|-C 6 alkyl and the substituted C|-C 6 alkoxy contain from 1 to 3 substituents selected 
from the group consisting of halogen, nitro, C r C 6 alkoxy and amino, 
or a pharmaceutical^ acceptable salt thereof. 

2. A compound of Claim 1 wherein R 3 represents ethyl or straight chained or branched propyl, butyl, pentyl or hexyl 
or C 2 -C 6 alkenyl. 

3. A compound of any of Claims 1 and 2 wherein R 3 represents C r C 3 alkyl. 

4. A compound of any of Claims 1 , 2 and 3 wherein R 3 represents methyl. 

5. A compound of any of Claims 1,2,3 and 4 wherein R 4 represents methyl, ethyl, tert-butyl or phenyl. 

6. A compound of any of Claims 1,2,3,4 and 5 wherein R 5 and R 6 independently represent hydrogen, methoxy, or 
R 5 and R 6 are combined together to represent -0-CH 2 -0-. 

7. An agent for the treatment of diseases caused by hyperergasia of adenosine A 2 receptors, containing at least one 
of the compounds of Claims 1 to 6. 

8. An agent for the treatment of Parkinson's disease or depression, containing at least one of the compounds of 
Claims 1 to 6. 

9. A pharmaceutical composition comprising pharmaceutical acceptable carriers and at least one of the compounds 
of Claims 1 to 6. 

10. Use of the compounds of any of Claims 1 to 6 to manufacture a pharmaceutical composition for the treatment of 
Parkinson's disease or depression. 



Patentanspruche 

1. Xanthin-Derivat dargestellt durch die Formel (I): 
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O 



2 




1 « (3) 
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5. 
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6. 

40 7. 
8. 
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worin R 1 und R 2 unabhangig voneinandereine Ethyl-, Propyl- oder Allylgruppe darstellen und R 3 ein Wasserstoffa- 
tom. einen C 1 -C 6 -Alkyl-, C 2 -C 6 -Alkenyl- oder C 2 -C 6 -Alkinyl rest darstellt, R 4 einen C|-C 6 -Alkyl- oder einen substi- 
tuierten oder unsubstituierten Arylrest darstellt, R 5 und R 6 unabhangig voneinander ein Wasserstoffatom, einen 
C|-C 6 -Alkyl- oder C 1 -C 6 -Alkoxyrest darstellen oder R 5 und R 6 zusammen einen Rest der Formel -0-(CH 2 )p-0- 
(wobei p eine ganze Zahl von 1 bis 3 ist) darstellen, und m 1 oder 2 darstellt, 

worin ein Arylrest eine Phenyl- oder Naphthylgruppe bedeutet, und der subsituierte Arylrest 1 bis 4 Substituenten 
enthalt, ausgewahlt aus der Gruppe bestehend aus einem substituierten oder unsubstituierten C-j-Cg-Alkylrest, 
einer Hydroxygruppe, einem substituierten oder unsubstituierten C|-C 6 -Alkoxyrest, einem Halogenatom, einer 
Nitro-. Aminogruppe, einem C-|-C 6 -Alkylamino-, Di-(C-|-C 6 -Alkyl) Aminorest, einer Benzyloxy-, Phenyl- und Phen- 
oxygruppe, 

worin der substituierte C|-C 6 -Alkyl- und der substituierte C|-C 6 -Alkoxyrest 1 bis 3 Substituenten enthalten, aus- 
gewahlt aus derGruppe bestehend aus einem Halogenatom, einer Nitrogruppe, einem C|-C 6 -Alkoxyrest und einer 
Aminogruppe, 

oder ein pharmazeutisch vertragliches Salz davon. 

Verbindung nach Anspruch 1 , worin R 3 eine Ethyl- oder eine gerad- oder verzweigtkettige Propyl-, Butyl-, Pentyl- 
oder Hexylgruppe oder einen C 2 -C 6 -Alkenylrest darstellt. 

Verbindung nach einem der Anspriiche 1 und 2, worin R 3 einen C r C 3 -Alkylrest darstellt. 
Verbindung nach einem der Anspriiche 1 , 2 und 3, worin R 3 eine Methyl gruppe darstellt. 

Verbindung nach einem der Anspriiche 1 , 2, 3 und 4, worin R 4 eine Methyl-, Ethyk tert-Butyl- oder Phenylgruppe 
darstellt. 

Verbindung nach einem der Anspriiche 1 , 2, 3, 4 und 5, worin R 5 und R 6 unabhangig voneinander ein Wasser- 
stoffatom, eine Methoxygruppe darstellen, oder R 5 und R 6 zusammen eine Gruppe der Formel -0-CH 2 -0- dar- 
stellen. 

Mittel zur Behandlung von Erkrankungen, welche durch eine pathologisch erhohtefunktionelle Aktivitat von Aden- 
osin-A 2 -Rezeptoren verursacht werden, enthaltend mindestens eine der Verbindungen nach den Anspriichen 1 
bis 6. 

Mittel zur Behandlung der Parkinson-Erkrankung oder Depression, enthaltend mindestens eine der Verbindungen 
nach den Anspriichen 1 bis 6. 

Arzneimittel umfassend pharmazeutisch vertragliche Trager und zumindest eine der Verbindungen nach den An- 
spriichen 1 bis 6. 

Verwendung der Verbindungen nach einem der Anspriiche 1 bis 6 zur Herstellung eines Arzneimittelszur Behand- 
lung von Parkinson-Erkrankung oder Depression. 



Revendications 



1 . Derive du xanthine represents par la formule (I) : 
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dans laquelle R1 et R2 representent independamment un ethyle, propyle ou allyle, et R3 represente un 
hydrogene, un alkyle en C|-C 6) un alcenyle en C 2 -C 6 ou un alcynyle en C 2 -C 6 , R4 represente un alkyle en C|-C 6 
ou un aryle substitue ou non, R5 et R6 representent independamment un hydrogene, un alkyle en C|-C 6 ou un 
alcoxy en C,-C 6 , ou R5 et R6 sont combines entre eux pour representer -0-(CH 2 )-0- (p est un entier compris 
entre 1 et 3) et m represente 1 ou 2, 

dans laquelle aryle signifie phenyle ou naphtyle, et I'aryle substitue comprend de 1 a 4 substituants choisis 
dans le groupe constitue de alkyle en C|-C 6 substitue ou non, hydroxy, alcoxy en C^Cg substitue ou non, halogene, 
nitro, amino, alkylamine en C-|-C 6 , diamino(alkyle en C-|-C 6 ), benzyloxy, phenyle et phenoxy, 

dans laquelle I'alkyle substitue en C r C 6 et I'alcoxy substitue en C,-C 6 comprennent de 1 a 3 substituants 
choisis dans le groupe constitue de : halogene, nitro, alcoxy en C-|-C 6 et amino 

ou son sel pharmaceutiquement compatible. 

2. Compose selon la revendication 1 dans lequel R3 represente un ethyle ou un propyle, butyle, pentyle, hexyle ou 
alcenyle en C 2 -C 6 a chatne droite ou ramifiee. 

3. Un compose selon I'une quelconque des revendications 1 et 2 dans lequel R3 represente un alkyle en C,-C 3 . 

4. Un compose selon I'une quelconque des revendications 1 , 2 et 3 dans lequel R3 represente un methyle. 

5. Un compose selon I'une quelconque des revendications 1 , 2, 3 et 4 dans lequel R4 represente un methyle, ethyle, 
tertiobutyle ou phenyle. 

6. Un compose selon I'une quelconque des revendications 1 , 2, 3, 4 et 5 dans lequel R5 et R6 representent inde- 
pendamment un hydrogene, methoxy, ou R5 et R6 sont combines pour representer -0-CH 2 -0-. 

7. Un agent pour le traitement des maladies causees par I'hyperactivite pathologique des recepteurs A2 de I'adeno- 
sine, constitue d'au moins Tun des composes des revendications 1 a 6. 

8. Un agent pour le traitement de la maladie de Parkinson ou de la depression, constitue d'au moins I'un des composes 
des revendications 1 a 6. 

9. Une composition pharmaceutique contenant des vehicules pharmaceutiques acceptables et au moins un des com- 
poses des revendications 1 a 6. 

10. Utilisation des composes selon I'une quelconque des revendications 1 a 6 pour fabriquer une composition phar- 
maceutique destinee au traitement de la maladie de Parkinson ou de la depression. 
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